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ABSTRACT 

The five secondary sedimentation tanks at the 
Sictyt ofakdmontony Goldu Bars Wasten Water Treatmentr Plant are 
frequently subjeeted|to large prolonged hydraulic loads. 

A comprehensive examination of the internal tank flow 
patterns and characteristics for a wide range of geometric 
and hydraulic variables was conducted. When the principles 
oOfiopeny channelytheory are, combined( with; a velocity meter 
and stream profiles, a mechanism for monitoring the 
hydraulic loads to each tank was developed. internal viiow 
patterns in the prototype tanks were examined with a 
techaiqueldnvolving: fluorescent dye! andsfluorometric 
measuring equipment. 

Similitude:stheory incorporating the’Froude number 
was used to develop a model sedimentation tank for 
laboratory analysis. Model flow patterns were derived for 
aabroaderange of hydraulic loads and geometric configurations. 
Prototype and model flow characteristics, integrated with 
sedimentation and density current theories, enable the 


prediction of optimal, practical hydraulic loading limits. 
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NOTATION 


The following notations are used throughout this 


treatise: 


A eross *SeeClona lf Carea* 

ee, Vertical dimension of "the "rectangittar batile 
opening 

C summation of "the “instrument measured’ fluorescence 


concentration and the proportional fluorescence 


correction 


Ch fluorescence background correction 

. proportional fluorescence correction 

C, fluorescence dosed correction 

ee Slaoresecenece inflection points on the time- 


concentration curve (ordinate) 

C initial concentration of fluorescence dye in the 
injector 

C maximum concentration ratio, ordinate value when 
Equation 3+13"°is*valtd 

C Summation of fluorescence background correction 


and fluorescence dosed correction 


instrument measured concentration of fluorescent 
dye 

3 theoretical fluorescence concentration index 

E entrainment factor in stratified media 
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NOTATION 


hydraulic Froude number 
fluorometer dial reading 
gravitational constant 32.2 ft/sec’ 

chemical symbol for potassium permanganate 

any characteristic length in a hydraulic regime 
Mountain Standard Time 

any numerical subscript 

Rot totscale 

volume of a sedimentation tank cell 

volume of the fluorescence dye injector 

Ma tie dofitvollume tric vilow ‘to acsimglercell tof ‘a 
sedimentation tank 

rate of volumetric flow to a sedimentation tank 
patewof volumetricufkow ineartankineturn 

rate of volumetric flow over the tank effluent 
weirs 

gradient Richardson number 

specific gravity of a tank media 

dimensionless geometric scale factor 

fraction of removed suspended solids 

defined specific gravities in successive 
stratified layers of a media 

time 


theoretical detention time index 
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NOTATION 


T actual detention time between the injection and 


sampling stations in a fluorometric test 


ag kk fluorescence inflection points: on the, time- 
concentration curve (abscissa) 

T. maximum time ratio, abscissa value when Equation 
Bnet sh veda di 

V any defined component of velocity 

Vv any defined mean component of velocity 

Bs mam mMeasunmed sitream-veloc ity toccurring) tat 
ee 

Nee a measured stream velocity occurring at depth Y 

Nae maximum velocity in the lower laminar zone 

YS average settling velocity of a sludge blanket 

ee maximum velocity in the upper laminar zone 

my any velocity component along the Z axis 

Vig sev defined velocities in successive stratified 
layers of a media 

X longitudinal X axis in a Cartesian coordinate 
system 

X longitudinal distance along the X axis which an 
average particle requires to settle in the lower 
Vansnar Zone 

4 vertical ¥Y axis in a Cartesian coordinate system 

wees a vertical stream depth equal to 804 of ne 


sid 


- ier aaah meee ee Bh i maperanreietns 


eet ‘vie Baitsosict shi ness sc Ey ll jonameate Tes ie 


iF 
: anus 
| = 7 

se sited oka pehetest? = et rer go nbamen ae 
VAG abe gt aes (nuts) Se tabaq. Ket?isiaeab pero  1y a 

?\ ui 7 f , . . | | | 

oa (ioeek bole). ouers rdkdetsRyeshes ye 


Heftsarps nude eoyew ben. | | 
| ghia’ 22 EPee).i 


4Pogtoy S¢ ans rogues begk tem aie 


ve tsefsev. tO 778RO Neo som baritsor ae 


” ajge5 Ip isoitwmwone, ystoolay 7 Se 


anes 4p tg J Sader #03 (JAPAN eoutpstVoF 2 
be 


a i ; ’ one 
epdiwde edvate blo esarioe erehssee aglemot 


€ 


ie 


POP 
| . ‘gd Oo) sage teniowl Yeoqusadty oF ete ay omelet ae 


v | (i wieke 6 S73. SHol:  Iretouae «a onlay cons 
aN ee - 
chi i Te rf Gi : 

iF ey Setdivarss Solsseosus_ni sersyroiey Heetne han 

1 : r . sibst <« 9 eyagea. 7 


i ny os ae a | hy | 
n eee dmbeseie0)c, nk. eis 2 fem bao 24 
ywal ve iil Lapa, » 


oo. ve | my 
7 | Pein sca 


| zor wd pe nha 


5 eed 


NOTATION 


Yop aevertical stream depth equal to 207 of ven 
vy - depth of the lower laminar zone 
eee VGrticatSdistaneé fron a channel or tank £loor 


to the free liquid surface 


* depth of the turbulent zone 
ox aépth*of the upper laminar zone 
i ae ey defined vertical depths in successive stratified 


layers of media 


z batveudaina Se2eaxis- int a Gartesian coordinate 
system 
fe) media mass density 
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UNITS OF MEASURE 


The following units of measure are used throughout 


thiswereatise: 


cfs cubic feet per second 
cm centimeters 

em/sec centimeters per second 
ec degrees Celsius 

£t feet 

£e/ {Lt feet per feet 

rt/ see feet per second 
ft/sec* feet per second second 
gm grams 

gm/1 grams per liter 

als inches | 

ugm/1 micrograms per liter 
ml Mili Li cerns 

ml/min milliliters per minute 
um BaLlimicro ns 

migd. million Imperial gallons per day 
min. minutes 

MTS Mountain Standard Time 
N.S... NOE tO. Scale 


U.S <pm United States gallons per minute 


U.S.gpd/ft United States gallons per day per foot 
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INTRODUCTION 


The initial phase of the City of Edmonton Waste 
Water ivedtmentURvantiiwas *congsitructed im 1956 satieaksite 
on the south bank of the North Saskatchewan River and 
20th Street. vIn 1970, the plant was expanded :to «a 
primary and secondary design capacity of 109 migd. and 
45 migdisrespeetively: Using an “activatédasludgeé 
process, effective secondary treatment has generally 
been provided tonndae hydraulic «flows «not iséxceeding 
60 migdroeeh).. Paamdey a torl975 cengus'trecords, - the 
Pplantaprovides iservice toid. spopulation cofa451,6353» C2) 
persons within the greater Edmonton area. In addition 
to domestic sources, waste water of varied composition 
from industrial sources is being treated. According 
to current records, waste water is conveyed to the 
plant ee 532 miles of sanitary sewers and 533 miles 
of combined sanitary-storm sewers (3). 

The total treatment process can be briefly 
described in the following consecutive steps: 

(1) Initially, waste water enters the primary grit 
tank where a:sedimentation process removes 
heavier settleable debris and inorganic grit. 

(2) Floating debris is removed by a parallel 
arrangement of automatic bar screens and is 
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A distribution channel system directs the waste 
water -to the primary sedimentation tanks where 
bottom sludge and surface skimmings are removed. 
These materials are collected for the digestion 
process while weirs direct the effluent to the 
secondary treatment process. In this step there 
exists Seance Ofadischarveinewprnimary effluent 
directly to the North Saskatchewan River. 

The primary effluent enters the Secondary process 
through pasVentunt.meter and is directed tothe 
BEGZA¢Lonstanksiby arvdistribution EERE Eee 
The waste is mixed With anwaevateds «reciztcubated 
Viquorrand sisgyinjected with additional a3 hi ee 
parallel arrangement.of five aerators. 
THéeeaeratedtnixed liguorsis,.dinected tothe 
secondary eadnentweren cee where the final 
effluenr is collected by.V notch weirs for 
discharge to the-river.. Surface skimmings are 
ee eee to the primary system and the bottom 
sludge is divided between the digesters and the 
liquor return system described in step ac 
According to operation policies, the flow 
returned to the aeration tanks ranges between 254 
and 30% of the total secondary flow. 

Waste sludge is digested anaerobically Ltt eet v2 
tanks for approximately 25 days and is then pumped 


to open lagoons for indefinite storage. 
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[hiss dnvestieati ong wad 1) dealen ond ys wiithy the 
secondary sedimentation process described in step five 
of the total treatment process. The principal parameters 
which influence the efficiency of secondary sedimentation 
are tank geometry, hydraulic loads, and characteristics 
of suspended solids. This investigation will rigorously 
deal, ,withsthe. first. twoxparameters., Thescharacteristics 
of suspended solids are complex and vary directly with. 
the volume, composition, and nature of the waste 
material. This complex variable can only warrant a 
thorough dauvestigatcion,ofs,itshown = aneinvestigation 
which could and should be linked with this treatise. 

Five independent ee sedimentation tanks 
provide continuous service at the City of Edmonton Waste 
Water Treatment See According -to theseconvention 
adopted in this investigation, the tanks will be 
numbered from one to five from west to east (tank 
number. sone is.the most westerly -cank)d thheld mmadsure- 
ments confirm that the five tanks are geometrically 
identical except for the baffle openings and the cross 
channel. floozt elevations. The stanks:saud mectangular 
auth AL width wot 80 G0, Gt, andisa henet hype dea 10.0 tc. 

Pach tank contacdus felwme $55,..60 of t yal den those tt ude nae 
ian ex nal ice. S.: ac oad seat © the same convention, the 
internal cells are also numbered from one to five mron 


west. to. east... The. north wald of,ieach, cell ws situated 
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on the extreme end opposite the inlet opening. A 
typical plan view is shown in the schematic of 
Frgure= 4.048, SthePnormalryliquidcdepthriss 12240 fete at 
enewinlet end and ithe floor slopes at 0700756 ft/tt 
toward the north wall. At the inlet éend,ja fixed 
plank baffle wall extends upward from a terminus at 
an elevation De above the floor to a second terminus 
Siishtiy above the tormal, water surface. Details of 
the tank profile are shown in the schematic of 
Figure ae A typical baffle wall detail is shown 
Bigal the Schematacwor Pigurem) JOS.) A sectional detaid 
for the cross channels is shown in Figure 1.04 ae 
will be discussed Eutenen LmeChan ter oe 

The photograph of Figure 1.05 shows the surface 
appearance of the tank yee in normal operation. 
Three of the four effluent weirs are shown in the 
foreground while the upper beam sections of the tank 
subdividers, Pee ee oa ie flights, and. tagk Lnbet are 
shown in the background. The baffle wall at the 
inlet, tank subdividers,”’and the sludge-skim flights 
are more clearly shown in the photograph of 
Figure 1.06 where the tank has been emptied tor 
maintenance work. The flights are nominal 2 in. by 
8 in. timber planks on a moving chain which is 
continuous over the full length of the tank. re Lis 


important to notice that the tank subdividers are not 
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Currents canwand probably de occur across the tank 
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ity Ls? imei essary to) determin eimthie: hy drawl tea caldime 
on eam of-cthe ‘Live secondary sedimentation tanks 
before an accurate performance evaluation can be 
attempted. in ‘this Winieeis Giga tion al simple open’ channel 
Sstream:analysis was made at an accessible control 
stlastyisomi. It was convenient to select the downstream 
eodesomig¢enich. loriotsiss ichan neg rasi (en euggaugingsisiiatdoem. The 
cross channels connect the aerators with the sediment- 
ation tank and flow with a free surface over the top 
of the secondary piping caklery. The numbering 
convelntiom fiom thereroiss: channels will be the «same ais 
thei titamk: conivie nition. 

Each of the cross channels is geometrically 
ident itcads excep terform the Gloom ehkevattoniat wha channel 
eneoss Geeti dm mtr ithe: gauging station is: shownieim the 
See akin Pidigaumes fp0 4.) vad L) ser ol: sieeihiain neice; ya rie 
28.20 fim (hoing) cantd) momel ‘hawe| any Longituddmal: ifioor 
Slope. The concrete roof on the secondary piping 
gallery provided a firm datum for measurements. 
Handrailing adjacent to the gauging station provided 
a substantial falsework system for cumbersome velocity 
measuring equipment. 

At each gauging station flow velocities were 
aieia cimers naiewhl al aC uae mo) Modes b6 EP Sveiocs cy imetier and 


a Model 81 magnetic sensor. The unit was calibrated 
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ander controlled conditions)at the University of 
Alberta Hydraulics Laboratory. Beginning at the floor 
Of €ach i¢ross ¢Wannel, velocity and depth measurements 
were taken in, six inch increments until the sensor 
elements were just below the liquid level. For each 
group of velocity readings a corresponding surface 
elevation with respect to an assumed datum was 
recorded. Initially, velocity measurements were 

taken on profiles in the channel center as well as on 
either side within four inches of the channel ’walwd, 
This procedure was abandoned in favor of a single 
Grottle dn ythe channel center when it was discovered 
that the side profiles had no significant effect on 
the determination of the mean velocity. 

From each group of stream measurements, a gener- 
ally shaped logarithmic velocity profile was developed. 
The velocity elevation above the channel floor is 
represented on the ordinate, while the velocity 4s 
represented on the abscissa of a Cartesian coordinate 
system. Completed velocity profiles are shown in 
Appendix 1. In a procedure suggested by Chow (4), 
the mean velocity, Vv, is determined by averaging the 
respective velocities occurring at elevations equal to 
207 and 80% of the total» stream depth. This procedure 


is summarized in the schematic of Figure 2.01. 
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Since the geometrics of the five cross channels 
Spe siacenticalyethe ctfoss ‘sectional area can be defined 
by a common equation. From Figure 1.04, the ¢toss 
sectional area can be represented by: 

eae ul A = -3..30470'— 0625 

Where yo and A represent the stream depth in 
feet and area in square feet, respectively. 

Rates of volumetric flow Qo can be calculated 
py tite: continuity equation according to 

[2.02] Qo = AV 

Where V is the mean velocity. 

When. Equation. 2.01j)/is multiplied by the mean 
velocity, the result is a manipulated form of 
pauttioniic. 02). ahis results in: 

(21.03) Oey = ¥ (3550) yoy-—H0. 25) 

TnpEquat thom 72.03, V and Qo have the units'ot Leet 
per second ve cubic feet per second, respectively. 
Table 2.01 has summarized the stream depths and mean 
velocities assembled in Appendix l. The corresponding 
rates of flow are shown in the right hand column of 
Table POs 

The values of yo and Qo appearing in Table Ze 00 
are plotted as the ordinate .and abscissa, respectively, 
on arithmetic graph paper. On a large scale, five 
d4stinct linear trelations having «the seyeral Cartesian 


form of y = mx + b were derived. The graphical 
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Pap les 25 'O1% Summary of Cross Channel Hydraulic Parameters. 


Channel (ft) (£t/ sec ) CK S:) 


1 4.68 ot 19.5 
1 Geayee Aes533 a <8 
L | “075 1.65 27.0 
2 4761 2230) 36.5 
ZL iad By : 1.54 j Lk sd. 
Z 4 6 3 Leg 270 
Z 4.66 2.46 Soy 
3 48 2 ees, See peel 
3 | kay agow 26.5 
3 4,82 Lo Ces 
3 ae oo 2.42 397 1 
4 4.98 d Sesh by Sak 
4 A Pe | Or Z130 
4 ie, Ore ji Ne fi D7. 0 
5 4.92 250% 35.0 
5 HAR 2% 0% Saree 
5 L133 £.46 ZEP3 


* Values of yo and vV are derived in Appendix l. 


kk Values of Qo are calculated from Equation 2503. 


representation has been deleted from this treatise, 


however they are shown mathematically for each cross 


channel as: 
Cross Channel 
[2.04] 
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represents the depth-flow 


represents the product of 


The depth aAmtereept’ is 


defined as that depth where the flow becomes zero. 


Timltsproviaed for yo in ach equaetlom represent. tre 


actual Marnitudes of the depth “intercepts. 


The 


These were 


in fact confirmed when the tank levels were lowered to 


a point where water just began breaking over the 


bottom of the V-notch in the effluent weirs: 


When the marnitude of “the slope 1s exanined in 


the previous 


a tear submerged condition ‘exists in the system 


Cross channel” equations Tt 5s "Veer nat 
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is the effect of a 2.00 ft head difference between the 
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Waberosurfaceswotrehe:prinmary erit tanks and the 
secondary effluent weirs. Under normal operating 
Conditions there.exists,a,»fluctuating)ranzgelin youot 
approximately six inches. Thus it is essential that 
extreme caution and precision be used when field 
measuring yo. With due care, the cross channel 
equations agree reasonably well with the output from 
the plant Venturi,meters. The curves in Appendix 2 
indicate a percentage error ranging from 6.4% to 13.524 
£60 .the, two, methods «1.F.Lows, efrom the across johanmel 
Sdiiations are characitteristically greater than the 
Venturi meter flows. 

For practical, reasons, this es tudsy ‘will ecornsicder 
only, the -£ Lows sto ithe, individuak cell sjamather ethan the 
entire tank. Numerous efforts were made to precisely 
monitor flows eaten the email l yinfjweme 6 endn ae: in 
each cell using a theory similar to the one used in the 
cross channel study. Due to adverse distribution 
‘channel geometry and turbulent eddy currents, the 
precise approach was abandoned in favor of flow 
eee In this investigation it will be assumed 
that the total tank flow is equally distributed amongst 
tire piioresscel ls. .wi thin athe tank. Hence the cell flow, 
Q, Poe nanaddaro. bie 20% of vehentanketlow meacured 
at the cross channel gauging station. Mathematically 
tins. wid. be: 


[2.09] Q = 0.20 Qo 
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FLUOROMETRIC. EXAMINATION 

The preceding chapter shas providedsa reasonably 
accurate mechanism for measuring the hydraulic load to 
each of the five secondary sedimentation tanks. The 
Livestigation wild now, examine, the: flow characteristics 
within the individual tanks. Various methods of flow 
Study were attempted, including the velocity meter 
and buoys of various shapes and densitiesn=—)alleot 
ae provided Gara, oOfylittilenvalues. ~aUsetul iregudis 
were obtained with fluorescent dye and a fluorometric 
analyzer. 

Because each sedimentation tank is subdivided 
into five equal cells with longitudinal streamlines 
normal to the effluent weirs, it was assumed that 
laterad currentsiare insignificant and can be Lenored. 
This assumption implies a two dimensional flow regime 


such that: 


It 
(2) 


[3-01] Ve 
Longitudinal currents (X component of velocity) 
can be-readily,studied,in, the, prototype cell with 
fluorometric methods. Fluorometric methods of 
studying the vertical currents (Y component of velocity) 
in the prototype cells must be discarded in favor of 
modeling methods. 


Known concentrations of Du Pont Rhodamine B 


fluorescent dye were injected in the distribution 
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channel stream of each tank with a constant flow 
injector. Dye was injected at aap oin Wasim hvcivenoky 
downstream to ensure flow to only the first cell of each 
tank. The injector and a time clock were started 
Simultaneously. During the execution of each dye 

vest wea "Simeco, (Model MK-VS7 sautocmatice sampler collected 
samples at- one of three stations. The sampling points 
were approximately two feet below the normal water 
surface and were situated either adjacent to the first 
wennysethe thourth weir): sor «thea tnenther hy REP ale 7 
automatic timing frequency ranging between enree and 
four minutes collected sone leatos sufficient represent- 
ation. Samples were collected generally over a two and 
ae hatte our, period In Jjorder_to accurately sere weae : 
cell “tLowepattern. 

| Immediately following the sample collection, a 
etlueromettic analysis was,made with a Geek. Turner, 
Model_LIiit, Fluorometer..,Primary end secondary filter 
lenses having wave lengths of 548 millimicrons and 

590 millimicrons, respectively, were used. The unit 
was equipped with four light source apertures in the 
ratio of 1:3:10:30. 'Normal samples of secondary 
effluent required only the use of “the oye and sO 
apertures. Samples were handled manually and 


individually in small quartz glass tubes. 


3y 
! ] See) Line i i ) 
+ ; PRR LSS re ‘Seat ‘lye bie = pe 


A i f ” 2 j 
4 iy 
A eat Avan UJ } o } 


Wt ‘hie 


Since the fluorometer provides fluorescence dial 
readings on a dimensionless scale in unit increments 
between one and one hundred, it was necessary to 
develop’a group: of ealibration* curves: A series of 
known dilutions using distilled water and Rhodamine B 
dye were used as the calibrant for each aperture - the 
zero end points of which were samples of pure distilled 
waters’ “As shown in’ Appéndix 3, the’calibration curves 
arerarithmneticaily* Linears “From? simple’ ¢graphit¢adl 
analysis the curves can be mathematically represented 
as: 


Aperture No. 3 


ero) c. = 0.2083 Fy 
Aperture No. 10 c 

[3.03] oA = 0.0729 Fo 
Aperture No. 30 

[3.04] Cc. me O sO .0 Fo: 


The dimensionless fluorometric dial reading is 
tepresented by fF, and the concentration of fluorescence 


dye in micrograms per liter is represented by Ore 
Fluorescence concentration C. Leo aut ute 1 O.eed . 


temperature and the quantity of settleable solids. 


According to Butts (5) fluorescence concentrations in 


water are inversely proportional to temperature changes 


by an exponential function. Butts also indicates the 


degree of fluorescence change in the vicinity of 20° 


- 


Celsius is small when temperature changes are small. 
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Since the temperature of samples was maintained between 
16 and 20° Celsius, corrections were considered 
DANCCESSECY+s inthis study* 

Conversely, settleable solids have a large 
influence on fluorescence and can not be ignored. 
When afituorestentVdyeti#s dnjpectednints Aatsoluction 
laden’ with suspended solids, a dyé adsorption reaction 
OnvVindividuaivsolidssparticlésrcantbe*expecteds e8As the 
suspended solids settlettolthetbottom of the’sediment- 
Seuone@eank} Ge the -concenhtrationgoridyetin-.-thevesbriuent 
will become less in an SNOtAC Hae Less#than®the 
Avthaktdilution*processsoulfvonesis onlytconcerned 
with the dilution, processy*thenrthe fluerescence of 
the collected» sampletmust%include an*upward correction: 

TheecorrectionwFactorcis readily developed’ by 
fluorometrically analysing mixed liquor and final 
effluent samples where the quantities of suspended 
solids are known. Fiectotabtbacksroundicorgection is 
developed from an undosed sample and secondly, a 
correction is developed from a dosed sample. In both 
cases samples of unsettled mixed liquor and settled 
final effluent are used. The summation of the two 
eorreeedcusewili be themtotalteorrectiontierisertied 
solids Tn this Muvestieativnstie correction will be 
derived from a graphical analysis of fluorescence 
concentration and the fraction of removed suspended 


Siw s. Because the adsorption process is complex 
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and beyond the scope of this Chesis ,tthe feorrection will 
be estimated by assuming that fluorescence is inversely 
proportional to the amount of removed sifisereae Sort ds). 
Hence a simple linear slope-intercept derivation will 
be used. 

From Table 3.01, the dimensionless fraction of 
suspended solids removed 2 St To Os a eee 
1.0000 - 15.0000/3344.0000) for both background and 
fosed samples Of Finalsefiluent’. © Faorreure’ 3.01; 
Prugrescence values of “1 509 “emt "and 4 201 “ens 1 
(from Table OO L) fare plotted respectively, as 
ordinates against a common abscissa value of =e er 99 30 
When the fraction of removed suspended solids is zero, as 
would “occur ‘in unsettled mixed [iquor, “the ooumaaeen aide 
firirores’cence vale will” occur as the’ Y-intterceptr. Also 
in tee Se0rY Pluorescence *valucs' of g.. got gait and 
6.04 ugn/1 Cfrom iTarle 3701) “are plotted respectively, as 
ordinates against a.common abscissa value of ay = 0.0000. 
By the slope-intercept method the fluorescence background 
correction C, in micrograms per liter can be shown as: 


b 


= = oa2 
(3.05 1 C. rane BS) oe + 5 


In a similar manner, the fluorescence correction for 
the dosed sample C. in micrograms  perali tenes: 
= - + 6.04 
pa300.) C4 es 8 S. 


Thus it is mathematically shown that the concent- 


ration of background and dosed fluorescence diminishes as 
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Settieablée solids are removed. It is desirable to 
preclude the effects of natural background fluorescence 
ae consider only the effects of dosed fluorescence. 

[It is reasonable then to assign a negative sign to 


the quantity defined by C, and sum equations 3.05 and 


b 


bao. -Lhis maminulation lhexes TOG 

[3.071 oe sat ETE SNES S #70762 

Manat don 3.07 defines the intermediate region 
between lines C. and Ca en erigure= 5501.“ nts sstimme €ion 
of background and dosed corrections is represented by 
C in micrograms per liter. 

Cleatiy, “equation: 3s.07 Lisjvalid only tor “the 
Wiitiat in ~ector dye concentration sof C 2. 2.,.5 jigm/ 1: 
A more general form can be derived if it is assumed 
that the magnitude of the 63-0000) 8 LS -direceLy 
Proepececionas EO any tn1trat fluorescence concentration 


ae in the dye injector such that: 


fo. 00) C C 


The measured concentration of fluorescence at any 
time Tin the pro totypé "tank 'is \représentedr by ae in 
Hiecroerans’ per itter. The proportional concentration 
correct Lon ‘or C Pts represented by - in micrograms 
per liter. “Hence “for a fluorometric dye test using 
ema lei rre La. een oan eos eS of Rhodamine B dye in mixed 
liquor, equations 3.07 and 3.08 can be combined to take 


the form: 
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Table 3.01 Average Fluorescence and Suspended Solids 


Measurements for Correction Factors. 


Sample Description 
Fluorescencej| Suspended 
SOLids 
(mg/1) 


(ugm/1) 


1309 Background = Final Etfluent 
5242 Background - Mixed Liquor 
4.01 Dosed* =- Final Effluent 
6.04 Donde - Mixed Liquor 


*) The dosed sample represents a 2.5 wgm/1 solution of 


Rhodamine B dye. 


The typical fraction of removed suspended solids S- is 
079955 Cike. 1.000 = 15.0000/3344.0000) which aecuvately 
represents the secondary process in normal operation.  Uhesie 
measurements were taken from secondary sedimentation tank 
NO. LionsMerch 22, 1976 and are graphically anafysed in 
Pacure 3". OY. 
Peirce nas Leen setoee ls eae comes 
In each dye test the fraction of removed solids is 

readily evaluated by standard laboratory methods 

and is assumed constant throughout, the test period. 

The final corrected concentration of fluorescence C 

is the summation of any measured value oe Up ae eee Acie 


and the quantity represented by oe ine equation 3.09. 
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Metphematically, this, will be: 


Bie Tbe ONS Coe. e+ 6 


MNe-results of eight independent dye teste are 
assembled in/the!time-concentration curves of Appendix 4. 
In the assembly, the lower curve represents the field 
measured concentration 5 and the upper curve represents 
the corrected concentration for the percentage of removed 
SGligS according to equation 3.10. For Enhebpurpose of 
theory development, the ideal time-concentration 
Schematiciof Figure 31.02 is a representation of the 
Appendix 4 curves. In the schematic the lower plateau 
region between the ordinate and point I indicates the 
time period T, for the first detectable particles of 
fluorescent dye to reach the sampling station. the 
portion of curve between points I and J represents 
the time fos for the control volume to Bttain tie 
Maximum concentration of dye.\ This isijcleariy a 
function of the velocity and the\strength of the dye 
initially injected. The time period represented by 
Se, is significant only in that eas this magnitude: 
becomes large, point J is more accurately defined. 

When the injection of dye is stopped the control volume 
begins washing out and the concentration begins 
diminishing to the original state. This behaviour 
Gccurs to the vwlert of point K. “The most stenittcans 


portion of the time-concentration curve inthis stuay 
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occurs between points I and J. This period Vigeee 

represents the detention time of dye particles between 
the injection station and sampling station and will be 
identified simply as TT. 

The ideal curve in Figure 3.02 has didustrated a 
pattern which can be observed in the curves of 
Appendix 4. In all cases the lower plateau regions 
are well defined, however, the upper plateau regions 
are erratic and must be estimated by visual observation. 
The erratic trends can generally be attributed to two 
conditions. First, flow variations during the test 
execution cause an inverse variation in the dye 
concentration. In reference to the typical flow record 
shown in Figure 3.03, it is important thatpall testins 
be performed during the periods Of fairiy coustant 
flow beginning at either 11:00 AM, 6700 PPM lor 75200 AM 
on any day. In this investigation all testing was 
Started at the beginning of the flow plateaus marked by 
the two morning times. 

Secondly and less frequently, instantaneous changes 
in secondary sewage composition caused an erratic trend 
in the time-concentration curve. Often sudden, short- 
lived waves of suspended solids particles were observed 
at the sampling station. These waves were especially 
conspicuous during periods of high flow. Because the 


fluorometer is sensitive to abnormal fluorescence levels 
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generated by these waves, erratic readings were 
Obtained. | This characteristic is especially notable 
in tests 7 and 8, where samples were taken adjacent 
fo the northerly jwall’s of the prototype tank.” With 
good judgment, the high fluorescence readings were 
accurately edited from the test data. Table 3.02 
Summarizes the detention times and cell flows derived 
from the eight dye tests in Appendix 4. 

Menore dmpoertant approach to the fluorometric 
examination is the dimensionless analysis of the time- 
concentration curve. The complexities of varying cell 
flows and dye injection rates can be mathematically 
pie pinaced.. 2¢ dimensionless ratios for time and 
concentration are used. Timer and comtentration  cerus 
can be made dimensionless ratios by dividing each with 
2neindexk terms These ratios can then be plotted on a 
Cartesian coordinate system for common comparisons. The 
abscissa and ordinate are represented as DTS and c/C 
respectively, where T and C are actual measured quant- 
ities in a dye test. Denominators Ta and oF are the 
index terms. 

The dimensionless theory was applredyto sedinent= 
ation processes in a treatise by Camp poO)Gpi asa seetion 
dealing with short=<circuiting. and Stability. - Using the 
Camp theory, this study will define the time index Ty 


as the detention time for fluid particles in the control 
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Ti 
ime T, 


(Min) 


Wie tr. NO Gs ele, 
Weir No. i, 
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Summary of Prototype Dye Tests 


Maximum 

Time 
Ratio L 
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Maximum 
Concentration 
Ratio “GC 
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This summary is developed from the parameters in Appendices 
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The cell volume and rate of flow are represented by 
P and 0, respectively. The dye Ponceneracion index oe 
is defined as the concentration of dye which is 
instantaneously dispersed in the control volume of the 
Cell. Tf it Hs assumed that thetdye is totally 
conserved in the control volume, then ot can be 


mathematically defined as: 


[3.12] Ce 
u 


The initial volume and concentration of dye in 
@#ne injector Hs represented by PS and oe respectively. 
Figure 3.045, a teprint with Moditications from 
Camp in "Sedimentation and Settling Tank Design," (6) 
illustrates six typical dispersion curves for tanks. 
According to Camp, curve A is developed from the 
"ideal dispersion tank" and is approximated by ene 
equation shown in Figure 3.04. ~By definition this tank 
has an instantaneous and uniform distriputthen,. of 
suspended particles. Curve F (actually a straight line) 
represents the “ideal settling basin’ where T/T, is 
constant at unity and 7 Can approach intinity. 
When T/T, is unity, the velocities of ait) streamers nes 
within the tank are uniform and constant. Situated 


between hypothetical curves A and F are intermediate 


ors 


ir ar A) SO be , a y 7 Ue TL : Le ye 


of de ie Gs 
ee HG Chie, 
i a’ iT ( 


ne Wabieweesdsy ass shits te sam bon emilee i 
Hi 
ss 


im seal nolseraaA pre exe sca Lawes adem de 


et ns lade. Sep te rokseis isons aes oa sent a 


ane 20 snebuv: Sopa srs at He Brig te iD. YT hires 
fi etissoo eA is, ‘eas +28 aameeee ee a oa 

au one a eee ear rosa od at Sew | 

eo horraes cosine 


- 
H 
i 


rah, 


aN, 
; «a 
& 
+) 


/Miawed$eqe st 


7 af 
i 
Suns? senetss1ogs7). bom. fa Ow. Iie sve ae 
} Me , ny 


(39), Agiasd, Test bdd ise hos oy atone pant al 


ou Meteo), sevisys votersgebh Lashes he aoe 
i “y : Wir 
; a5 mer? bedoleveb 2t Al exyrus ed 
ia ent 
Ua reer ee ROCA ACG Amy =e | Rane hema ndbeanaayb . 
ini 2 hie ey 


ae Bens wotihoteas «RB .40..f. saeeea ass AYSaR A 


Bis nubivdliseth avevibu bes. pioee namesake: 
Loe ‘. 
vine fig? £15" Ss yileua 27. 2. srqyus Pot otasaeg 


oe toes” ads 


eer t F bls $0 waft2inoise sue ee 


WeeAeneD brs e2oF Low ste iia 


sib4 ‘eae, Yt bre A SoM oy yaa od pal ae | 
we . ; ny . a 7 : 
. as im te ) nen o 
Cie |. Aine, 
. i \ oe oe 7 


E1G, 


OF C7 Cs 


VALUES 


3.04 


VALUES 


TYPICAL DISPERSION 


REPRINTED 
TR. CAMP 


WITH 
(6) 


OF T/Ty 


CURVES.» FOR 
MODIFICATIONS 


TANKS 
FROM 


a3 


i ) 
nai ’ 
ee 
ah. 
Lat} 
| i 
7 i t 
ee P| 
a 
j 
rm 
a 
'T 
i 
: in 
4 
4 \ 
phe 
1 | 
‘mes 
i ee 
fae 
r I | Pt ] fe 
fyi p' ' i 
ae 
i ae) tee 
HOLY | 
\ y i iy. | \ 


= 


. poiemareia 


. ae ; 5 i 
SEMRAT 105 eavanuo 


bs | iy 


WFAQINIOOM, HT 


(37 


34 


Suirves 8, CG, 0D, ald b% Curves B, C, and D are derived 
from operating prototype tanks of various configurations. 
Curve E depicts a model tank in the Camp study. 

According to the Camp study, dimensionless time- 
‘concentration curves generally assume a Gaussian shape. 
The indicator of tank performance is the magnitude of 


Tiel when c/C reaches a maximum value according to the 


d 


qiftrerential: 


(ene d (T/T,) 
d (c/C,) 


It will be assumed that the center Gee esraverty oo 
the mbesetssa, of the slightly less than perfect Gaussian 
eurve-occurs at the point where c/Cc reaches a maximum 
value. By definition in this study, when differential 


equation 3,13, is valid then: 


It is apparent that as ce assumes values less than 
one, the actual travel time T of @ particle is less 
than the detention time a Thus flow stream lines are 
not reaching certain regions within the control volume, 
short-circuiting occurs, and dead seces exist. 
Conversely, as TL assumes values greater than one, the 
actual travel time of a particle exceeds the detention 


time and flow stream lines are recirculating. 
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Ey es assumes values less than one, then the 
actual’ particle” concentration € is less than the 
ultimate eoneentration o Thus the flow stream lines 
Seeneerectsne thensolurfon to Other nesions in the 
Penutrol®volume"and’ a favorable Condition of particle 
dispersion exists. When a assumes values greater 
ehan®one;5 “the actual particle concentration exceeds 
Ehee=tltimate concentration. "Thus flow stream Lines 
are nepecauscing Tsurticrent dilution, short—-cireuiting 
oeeurs) Sand =-dead “spaces exist. 

Ee sidear sedimentation orocess will occur when 
is and Se Ape equal to-omwe. This “condition would 
provide Wa control volume "precisely Large enough to 


accommodate all particles with no recirculation and 


small enough to preclude short-circuiting and dead spaces. 


Since sewage flows and composition are variables, the 
ideal process can be considered purely hypothetical 
and will not be pursued further in this study. 

It can now be said of Figure 3.04 that the 
sedimentation performance improves as T. approaches and 
exceeds one and as Se approaches and becomes less than 


one. Mathematically these limits are shown as: 


ies 


- 
> 
t 
iy 
ts 
2) 
iY 9] 
i 
iA 
ke 
0 
ot 
se) 
if 
es 
ta 
cy 
) 


pe ae gtd eee? eck cane ebel esntlev Remy bls a ni 
Ley | 
er: | dads ‘meetlcetl 9 rots semieeewto acne 


t — 
¥ 
) 

j 
BR 
pe 
a4 ' 
. 

t 
oe 

- 


eee Wee's Vo: 
hy ia | re we et en to. OS Ce ee ney aero 

RAE di ale ay oa oe Diba: Suber tee ge Bie any Lio Loews 
PORES te eevulay,esmnecs .. Aon ‘ibe hire oder 


Mee srs W9ilna7efSeato> s Fa i Fo a a oar ~ane 


Sak: ceeaue weak? enkd 26450 TAMA SHOR! sam kak) 
if oe 


BSPIPU PTI OHS TORE |, ros Lip 2aes oe wel) shiewse sec 


- 


‘ | 
bs foLig-eeeEgs pian bony bah 
Wi ee swehe lite gesoosq, no fase Ao saee habbit. oat 


na binew sottignes #ict («sere om Cewee are om 2 Pig 
‘ar a ; rf errr te |. 
i - 87 favens sgcsi “iseloosy smAive \Yesiaey 2 ee 7g 
: ie ‘ 

+ ri ae Sessasustios7 iw i7te arene Si8) #9. 
; eae 2M 
. ) Weed nes ghiciunicc=p>ee7 shalssog So Agmeem, Ph 
ae ae ara 


et RSestGicss sre Geisletenos pee wwols aan ah i af 
yi ’ 


ti 
hry 


ee 2aNperh et Rea hsb Ee a is | ae BD areeeay4 
aii ae 
Bute esuly ae — p26’ : 


iy 


: WNRUR 8 2.3 eb BPonixy 


7 


@ lise 


. | lis IRS! £0. E opuets 2 hare. &é Won 


tan { 


gh et ebire s gine Asana ong iad peared : 
‘ is) : pire 


ot eaeoyed RAS’ aaa 4607 4M ah: 26 a ‘mite 


1 
tie weode: Se; renin! s586d > a 


a3 Ou] 7, > 1,00 
eee 


Foss. led C. Ear eee) 

The dimensionless theory has been applied to the 
fluorometric tests for the prototype sedimentation tanks 
to this .s tudy - The developed curves appear in 
Appendi« aay Dye vests 1, 2, 4. brand 8 have guesulted 
in distinct Gaussian shaped curves. The remaining 
curves have merely a Gaussian trend which possibly 
would have been more Pennock: had the test period been 
longer. The values of ie and C have been estimated 
and are summarized in the two right hand columns of 
Table 3.02. Dye flows are constant in aii’) tests. 

The theories for the time-concentration curves and 
the dimensionless time-concentration curves are applied 
to actual field data collected from tines fixrstmcelis GE 
sedimentation tanks one and three. A qualitative 
Pewiewd of Table 3.02 Whenerespece Glo equations 3.16 and 


R40 ss covered inthe following discussion: 


"Megt Noe «1 (Tank »No. .3, .Weir :No. 1) 

The test indicates short-circuiting between the 
baffle and the weir. Dead spaces will exist in the 
remote regions of the cell. There is a negative 
deviation of approximately 207 fot pot TL and c The 


Tou Ob 364 cls 45 considered a normal load and can be 


expected during most daytime hours. 
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Test Not 22 (Tanke No. Ge? We rt iNo7 2 EL) 

Thee tect Gndicdtes’ ‘short-circuiting between “the 
baifite’ and the weir with eae Spaces in the menmote 
regions of the cell. Negative deviations of 35% and 
20% exist for T. and Re respectively. Although typical 
for the early morning hours, the flow of 2.4 efs is: smal 


and short-lived. 


Test “No. 13 @Pank Now Lf Weil No eh) 

The test with a large midday flow of 6.0 cfs 
indicates a highly efficient process. A positive 
deviation of 152% occurs for TT while oS assumes the 
ideal unit value. Flow stream lines appear to be 
directing the dye to the remote vegions at some 
elevation well below the first effluent WeELti<) — ue 
test tends to confirm the presence Of the Lower 
positive current and the upper negative current discussed 
ineChapter 4... The Large magnitude of T > = 99 min also 
reinforces this pattern. In large flows, large values 
of jet stream momentum logically account for the 


emergence of dye particles at points downstream from the 


first.weir. 


Teste No.4 {Tank No. 3, Weir Noz sh 
The results of this test with the low flow of 
tors var e consistent with the second test. Short- 


circuiting occurs between the baffle and the first weir 
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while dead spaces occur in the remote regions of the 
eelica A negativerdeviationref (82% sandmlS2Zcexicrwtor 


3. and Ee respectively. 


best No .!'D (Tank Now lL, Weir No.4) 

Positive deviations of 106% and 2% for us and oe 
respectively, indicate optimum performance in this 
fest. ehihe sLarze uilow sof 16-3 .¢59 appeans to disperse 
the .dy.e jparticles throughout )the Cae in a manner 
similar to the flow of the third test. The dye 
detention time of T = 47 min indicates a generally 
direct path between the oa and phhe hfounth ower. 
This test also reinforces the concept of a lower 


positive current and an upper negative current. 


Test No. 6 (Tank No. 3, Weir No. 4) 
Bositive deviations, 0.98% <and ob24 oceurring for 

te and Gas respectively, indicate ate so pitiimells ap roc ess 

‘in thins, testis (lhe vidhoworoienGee2 rodise Ley Aphicany, flow 

which frequently occurs. The dye detention time 

T, = 64 min continues to confirm the presence of a. 


lower positive current which is similar to the third 


and fieEchi wests . 


Bree rnc: 7 | (Tank No.3, NOEre End) 


Samples were collected adjacent 0  .0e northerly 


end of the cell where a large vertical roller appears to 
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exist luePositivétdeviationsaofs744aand USeZeeceurytor 

TL and it, respectively, with an intermediate flow of 
Buerpcts.%.The detention time T¢ = 45) min similar to 

the time in the fifth test, implies that a lower 


current zone exists. 


Test non 8 (Tank. No. 1, .North gend) 

This test, with an intermediate flavor 5.) efsi, 
is similar in every way to the seventh test. A 
positive deviation of Sure NOG Curs. Lor TL and a small 
negative deviation of 62 occuce for ee A detention 
time of T. = 62 min tends to confirm the existence Ob a. 


Mower positive current. 


On the basis of eight dye tests the following 
patterns appear to exist: 

(bic ishiort:e cic ttn g and dead spaces are eee as 
the flows approach the larger magnitudes of 6.0 
co .6. week. (hive spmeseme tank is hydraulically 
afficient for flows of this Order ae abt yas 
predictable that flows in -excess of 6.5 cis will 
result in values of TL less than unley, 2 
condition of hydraulic overloading. 

(2) Short-circuiting and dead spaces dominate the 
sedimentation process at low flows. This trend 
merely confirms Sim omeseaoe of a hydraulic safety 
factor for the peak flow periods and Sanna be 


considered a critical problem. 
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These trends will be investigated further under 
eontrolied Laboratory conditions in the model study of 
Chapter 4. 

fn COM uUnGt Lom with the filuorome tric sod vy, 

Taple 3.03 provides(a0tabulation of thel(sectling 
Velocities! jof solid particles entering the secondary 
sedimentation process. Samples of mixed liquor, taken 
at the cross-channel gauging station, were placed in a 
B00 cm diameter, 1000 ml graduated cylinder. In 
conformance with the discussion by Metcalf and Eddy (7), 
the time rate of vertical displecement a of the sludge 
blanket (zone settling region) was measured with a stop 
watch. Since the sludge removal chains are in 
continuous operation in each cell, the compression 

zone of settling is not considered. The settling 
velocities from four independent tests are shown in 
Table 3.03. When discussing tank performance in 
Chapters 4 re 5, the average settling velocity of 

Toes 6268 (1002) cm/sec. (2619n 10° Dirty sectuwiid be 


used. 
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Table 3.03 Average Settling Velocities for Suspended Solids 


in Secondary Mixed Liquor. 


Test No. Measured Settling Velocity ss 
x (OS ) KATO" Sy) 
(cm/sec) (iors ec 
1 pbs re 
2 Bina os 
3 e25 
4 32S 


Average 6.68 22k 
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oa) =MODEL! STUDY 

Flow patterns in the prototype sedimentation tank 
were examined in closer detail with a laboratory model. 
In all portions of the sedimentation tank a free water 
surface exists with very low velocities. This condition 
ne analogous to open channel hydraulics where OnLy the 
ratio of dynamic forces to inertial forces is 
significant. The ratio of dynamic forces to gravitational 
forces is represented by the Froude number F and, is 


shown mathematically as: 


[a 0a 4] ~ 
Ee Rao 
[st] 


The mean velocity in the system is represented by 
V, g is the gravitational constant sai ee ft/sec”), and L 
islae vertical: oF horizontal characteristic length. 
Streeter (8) has used dimensional analysis with the 
Buckingham Pi Theorem to derive equation 4.01. 

From the basic. definition of the Froude number, 
4¢ can be Shid that the ratio of dynamic forces to gravi- 
tational forces“is the same for a prototype and its 


model counterpart. Mathematically this will be: 


[4.02] Fe. =F 


The subscripts p and m represent prototype and 
model Froude numbers, respectively. Equations 4.01 and 


4.02 can be manipulated to form: 
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It i5 necessary to design a model having geometric 
dimensions which completely coincide with prototype 
dimensions. Comeeatenc ly. a constant geometric scale 


factor $. can be defined as: 


[4.04] 


Equation 4.04 can be substituted into Bauatton 
4.03 and simplified. This manipulation leads to: 


[4.05] 


The characteristic lengths in Equation 4.04 can 
be es and cubed for an area parameter A and a 
volume parameter P, respectively. The result Oi tokis 
operation is: 


[4.06] 
[4.07] 


When the hydraulic continuity equation, Q = AV, 
is substituted in Equation 4.05 for the Velocity ang 
combined with Equation 4.06, a volumetric rate of flow 


ratio is derived: This will be: 
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[4.08] Q 
eet: eee */o 
Q £ 


Tt 


Weloeuty 1s the. time rate of displacement of “the 


form: 
[4.09] ee 
i x 
Time is represented by T. Equation 4.09 can be 
combined with Equation 4.04 and simplified. MThis 


Siap ita cation will bie: 


[4.10] 


Te ie desirable to construct a model with “as large 
a scale as possible for purposeful fesearch and: small 
enougcn 1:0, Laporetory accommodations. Thus practical 
dictations call for a scale factor of twenty (S, ae ag Os 0 18 Je 
The previously developed S@quations for"lengen, “ared, 
volume, velocity, discharge, and time can be summarized 
in the following fashion: 
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D 


Using the.coordinatersconvention of therprototype, 
the otdinatevand abseigsayof «thetémuedel Wwiltbueoincide 
with the,influwent .wall.and the floor, respectively. 

The latitudinal axis will be represented by Z. 

Only one cell .of sthe prototype stank was scaled to 
model proportions. athe, 1:20 reduction developed a model 
tank having an effective length of 8.25 ft, a width o£ 
Oe o0vert sand eee ict. qaxtids dept hyadt cO.e7 Cet tae The 
tank was constructed of clear acrylic plexiglass plate 
having a 1/2 in.» wall, thickness and wasi'framed in rolled 
aluminum stock... The model) was designed to! be geometric- 
ally coincident with the prototype with two exceptions. 
Firstly, a horizontal floor was used, towel tet Ditiva 
stoping floor...» Jty Was, Doe practical thea sealeyent hoor 
slope with a magnitude of 0.00753 fr(ftoub Secondiy, tthe 
sludge chains and flights were deleted from the model 
tank, The economics and physical complexities of a 


small scale moving chain outweighed any useful gain. 
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The model was designed as a self-contained unit 
where all water was discharged and recirculated to a 
central reservoir. The reservoir consisted of a 
standard forty-five-gallon steel drum with one end 
removed and an epoxy paint rust eomtr ods niiimen. oak 
Monarch Model 454 submersible pump was insitalled in 
the reservoir. Hydraulic loading was controlled with 
a throttling valve and a flow merver in tnewpump 
discharge line. Initially, 4 $7: in?) Neptunectrrdent 
water meter was used for control. Later the meter was 
replaced with a more efficient and accurate Fischer and 
Porter rotometer rated for a nazimum,tChowhotacs” = 24 
U.S.*gallons per minute. 

The piping design provided effluent weirs and a 
return line in the model tankifor réeyclento the 
reservoir. Flows? ino the tetara Lines 23% were 
maintained within the range ete 20Zetoe 6 0Ziwe. thegtoe el 
moder flow Q3° by 4 throttling valve and time-volumetric 
raha ation. Apart from the four effluent weirs 
normally occurring in? *the prototype; two additional 
weirs were installed in the model.’ The effluent weirs 
were fabricated from 11/2 in. copper tubing tonecileud= 
inally machine cut on aiith er! sitid eneaitl at hier sipaei nig line . 
The upper nfs piece calla 1 dete ct Tomer wie RS removed entirely 
and the remaining edges were sharpened for the benefit 


of good weir hydraulics. Fach of the weirs were fitted 
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topmmachined .weccentric cam fittings on either side of 
the tank. These gasket sealed fittings provided fine 
yertical adjustments for each weir¢e The flows across 
the weirs, eee were redirected to the reservoir by 
means of a common external collector manifold and 
flexible tubing connectorss Flow rates for each weir 
were further controlled by means of a throttling clamp 
bar across the flexible connectors. 

The fixed baffle wall) a thewtwihiwermt cond oF the 
prototype tank was simulated in the model by an 
aluminum plate designed as a sluice gate. For greater 
versatility in the efflux opening bo? a threaded 
adjustment was installed on the model baugile. Water 
depths in the tank were measured With) a peanter gauce 
equipped with a 0.001 ft vernier. The same assembly 
served as a holder for a standard laboratony syringe. 
This apparatus enabled the injection Of (aine > minute 
ane streams into the main stream of the model for any 
wetimet Ot ek oy 7 Orn oe conceptual plan of the 
sedimentation tank model is shown in Figure 4,014 The 
photographs of Figures 4.02 ands. OGmideewstrate ectual 
details of the model. 

Water was used as the fluid media in the model 
study and as expected was a eoaree of two primeitpat 
obstacles in the analysis. Firstly and ledsti sienitic— 


antly, surface tension caused unbalanced flows over the 
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RESERVOIR WITH 
SUBMERSIBLE PUMP 
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ROTAMETER _~— +e 
STILLING TANK of 


ADJUSTABLE VERTICAL 
BAFFLE 

OC 
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FIG. 4.01 SCHEMATIC OF SEDIMENTATION TANK MODEL 
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edges of the effluent weirs. Initially, injections of 
"Calgon" detergent relieved the condition, however, this 
method was abandoned when found to be in conflict with 
theesolutionetosthecdensityscurrent obstacle.» pfinally, 
the solution for surface tension interference was found 
to be in the precise leveling of all weirs and the fine 
adjustment of the external bar clamp. Although flows in 
each weir were equalized with precision, it was necessary 
to operate them in a submerged condition. hatiguiainal 
(Z direction) movements of dye streams of the surface 
were insignificant, hence flows along thesiéengthtot the 
model weir ea considered uniform. Exceptefornexcecd= 
ingly heavy flows, the prototype weirs are seldom 
operated under submerged conditions. 

Secondly and more critically, density currents 
caused interference in the model operation. Since the 
water was continuously recirculated in the closed system, 
adverse temperatures induced a'specific gravity differ- 
ential and abnormal flow patterns developed. Water was 
stored in the reservoir and tank at an ambient 
temperature of approximateLy 19 to 20 degrees Celsius 
€2Gu) einethe Laboratory: Durningseach testy) heat 
generated by the submersible pump caused the reservoir 
temperature to rise to abouts. 25° Co. sinces tue sspeciursc 


eravity is inversely proportional to temperature, 
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positive currents! are formed in the upper zone and 
negative currents! are formed in the lower zone of the 
tank.tWhenvspecific gravity differentials induced iby 
floc particles are considered for a normally operating 
prototype, it is apparent that these model flow 
patterns are unreasonable. 

The density current dilemma was overcome by heating 
water within the model tank to a temperature of about 
SO°Che Gievetaptwater hayingsa edugesstene of 18°C was 
pumped from the reservoir to the tankJandtall®water was 
wasted rather than recirculated. Consequently, a 
distinct positive current with a temperature ranging 
Weeweenels%Cland 25°Csocéurted ingtheSiowerozone of the 
tank while a distinct negative current with a 
temperature ranging between 25° Cvandes.0tCroeecurred rin 
thelupper szone. teThe-two4zones* were ohebety separated 
by a turbulent zone. Uncontrollable heat exchanges 
caused the specific gravity aif férenttaltteoebe’short 
Tived, athusfonlyvone velocity profile was obtained from 
each test. 

More useful is a comparison of the media specific 


gravities indthetprototyps and model. With respect to 


ee ee 


er antdrrtesianscoordipate: systema positive current is 
defined as one with the velocity component in tie positive 
X direction and a negative current is defined as one with 
the velocity component in the negative X direction. 
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the temperature ranges of the model media in the 
preceding paragraph, Table 4.01 has been reprinted 
from the Handbook of Chemistry and Physics (9). In 
the third column of Table 4.01 it is seen that the 
specific gravity of water has 4 maximum deviation of 
Bets Se at 18°C. and +0.140% at 30°C. with reepect to 
the equilibrium temperature of 26°C. ~. When the typical 
model test is operating under normal conditions, 302 
of the maximum specific gravity deviation can be 
considered the average acon Thus in @ normal 
model test, it can be said that the specific gravity 
of the water media has an average deviation of +0.0742. 
The exact values appear in the right hand column of 
Table 4.01. 

fhe specific gravity distribution for prototype 
media is shown graphically in Ficure 4.04. Basnydro- 
meter was used to measure the specific gravity of the 
influent. and final effluent in the prototype tank. 
Since a continuous operating chain prevents any sludge 
accumulation.in the prototype cell, it is assumed that 
the specific gravity due to suspended solids varies 
inversely and linearly with the depth. When the 
fraction of removed suspended solids is of the order of 
98% and the prototype depth does not exceed 12.0 Et, 


the specific gravity S 4s related to the depth .Y 


according to: 
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Table 4.01 Relative Density of Water - Reprinted from 


Handbook of Chemistry and Physics (9) 


Water Specs i.e Percentage Differential Average 
Temperature Gravity Based on Specific Differential 
Giag. Co.) Gravity tate 5. aor Ch) 


(4%) 


18 07.996 02 -0.078 


bigs O93 97-07 0.000 
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Equation 4.17 is used to calculate the specific 


gravities at the top, bottom, and intermediate levels of 
the prototype cell: These values and the average 
deviatiions are tabulated in Table Len as To summarize, 
the average specific gravity of the prototype media 
varies by +0.05% and the average specific gravity of the 
model media varies by +0,.072. When this comparison is 
considered, it must be remembered that the prototype 
medialis ‘laden with varyio¢g quantities oF suspended 
solids and has a mean temperature oti pak C ee wie the 
model media has no suspended solids and has a mean 
temperature of peo C. Thus speciiie gravity differentials 


are the inherent weaknesses of model studies of this “kind. 
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OF DEPTH’ IN THE SECONDARY SEDIMENTATION 
TANK 
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manles4 .02°" Relative Density ‘of Water in Prototype’ Tank = 


Galeulared. from Equation 4.17 


Specific 
Gravity 
5 


Prototype 

Water Depth 
x 

elt) 


Percentage Differential 
Based on Specific Gravity 
at Tie se ce 
(4) 


1.00205 +On04-e 


LE Ore 0.000 


1 SOO L0G 


More accurate model parameters could certainly have been 
developed “if more “sophisticated density control equipment 
Reaepecnavariavre. “Yer Par Ass ditiieuLrt to economically 
justify more sophisticated equipment when the prototype 
parameters are never constant. Clearly, Figure 4.04 can 
be considered an approximation of prototype specific 
gravity behavior. Specificigravity-is*a Eunctvon of 
temperature, chemical composition, suspended solids 
composition, and bio logicuivactaivity.. These functions 
are continuously changing on short and long term bases. 
Apart from limitations caused «by \poorhy secentrolled 
specific gravity differentials, the model study eoketes 
hos tre..a walueable, guide. for .predi¢ring flow patterns and 
trends in the prototype eeldis Numerous methods of 
model analysis were attempted and most provided results 


of little value... Qualitatively,.a successful analysis 
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was made Dy 4uSine "small? erains Of potassium* permanganate 
CKMnOT) Peryvystalst)  Obantaztatively, “velocity pretiles 
with numerical values were developed from dye movements 
weenmin tne” tank. 

When density cirtents*within® the+taak are carefully 
manipulated, positive laminar currents occur in the 
lower region and negative laminar currents appear ‘igh G ee 
upper region. AS turbulent® zone at? mid=-depth separated 
the upper and lower currents. This zone was’ composed 
of erratic. localized velocities with large and small 
maenicudes in” all eae SAS oT» Te" andhizs At’ the 
influent end adjacent to the baffle, the upper negative 
current turned down and became entrained in® the? Lower 
current in a manner similar to a submerged hydraulic 
jump. At the end adjacent to the return 1 imey = the 
ower positive current turned up and assumed the negative 
dapecei1on. In both cases when the upper and lower 
currents become entrained with one another, there was 
a critical condition of turbulence. 

The turbulent zone depth Yio ae fm cenion- Of" £1 ow , 
eGec iis 19° ‘at Dow f lows .P 9 AS? Flows reach intermediate 
proportions, pA only slightly increases. When flows 
are further increased to abnormally large magnitudes, 
tie: value ot Ye ities dae een amt 10" chet total depen ss 
consumed in turbulence. For low and intermediate flows, 


the water surface is nearly quiescent. In the KMn0O, 
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Pest. MOlecularidifirusiton or floating dyempeanticies 
dominated any displacement due MoU CUS) Kaw eiegeeanad, 
eomponents of vetocity. The exceptions to this 
pattern are the higher velocity regions at each end 
of the tank and adjacent to either side vot sthe etirivent 
Wieser a... | 

By strategically placing grains of KMn0O,, the 
described flow patterns are readily observed. The size 
and density of the crystals provided a slow settling 
velocity which left 4 distinct, lingering purple trail. 
Figure 4.05 is developed from the KMnO, study. The 
insert of Figure 4.05, and Figure 4.060 show a typical 
velocity profile where the maximum velocities in the 
upper and lower laminar zones are ee tee by ee and 


V respectively. Depths of the upper and lower laminar 


1? 
zones are denoted by Sa and Ya> respectively. 

Nuantd tative veloei cy profiles were obtained from 
the model study by injecting small amounts of dye in the 
main stream. Undiluted amounts of red food coloring 
were injected with a syringe and a long» hypodermic © 
needle mounted on the pointer gauge. When minute traces 
of dye were injected ,, the specifiic gravity differentials 
between the dye and media were insignificant." This 
procedure caused the movement of distinct red dye 
nodules at the ee WeO.Gaeey and parallel to the media 


streamlines. The velocity of the nodules was measured 
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Whoehtatstop watch das cthey imovedvacrossta Linear egrid 
tustabledpsonvelithér «sidevotrthet’tanker As tlongsas 
measurements were restricted to the upper and lower 
Laminar zones at low and intermediate flows, “accurate 
values\\of velocity along the X~axis were obtained. 

Dye Vinjectiions see made at several stations along 
the X axis, however the optimum model station was found 
eo joe Mods (2 [0008 pactinjectronsuay this station eliminated 
the effects of slightly higher velocities from weir 
constrictions and from turbulence generated by the end 
rollers. Again, the molecular dispersion of dye 
particikes ,on the surface and floor dominated any 
dispersion patterns normally ate Dy tlusic motion. 
A variety of flowing weir combinations was used id the 
model study. Flows were equally balanced between a 
combingituton) of tedkthmer f oursecthivel, oF Set iwenis.. Doe wil 
testing, the amount of return flow leaving the bottom 
of the tank was maintained within the rancervot, 20, to 
30% of the total influent model aitote lO 2 Efflux 
openings, bo, at the model baffle ranged between 
60.100 xt» andi® .661 fiteen There) wes mo apparent® effect on 
flow patterns for any value of DS at model stations 
Xx z 0.90 £t regardless the magnitude of the total flow. 
As the magnitude of by was decreased to 0.100 (ft, the 
efflux velocity became greater aud more turbulent.. This 


resulted in greater amounts of floor scour adjacent to 
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the baffle and an increasing envelope of turbulence 

at the juncture of the upper and lower currents. 

Conversely, as DG was increased the efflux velocity 

became smaller and the envelope length was decreased. 
When model dye tests are confined to model 

eratibn m = 2.00 ft’, the Following summary is 
applicable: 

(1) Model flow patterns are Only aleunc tonwo£ 
dapt-hudn ti flows Q . 

G2) “The location of Plowing apfiivent weirs! in the 
model has a negligible effect on the flow patterns. 
Ag canny Gime ast least) four.weirs should be operating 
with balanced flows. 

(3) The rate of return flow was maintained within the 
range of 20% to 304 of the total model influent 
flow Q. However, larger and smaller percentages 
did not» significantly influence the patter ws “2c 
Kea = 2.00 Hts | 

(4) The magnitude of ay at the model baffle opening 
does not significantly influence patterns at 
Yee 2,00 “ft. @ Whiten x : 0.90 ft there was a strong 


intluence. 


Intrinsic with this summary, Tables4.Q3 provides sa 
tabulation of parameters from ten model dye tests.” |ine 


fifth and sixth columns record measured velocities, ae 
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Profile shown “in "Figure 4.06 7T°1t is’seéntthatethe 
maximum lower velocity is positive and the maximum 
upper velocity is negative. 

Gftatcvntinustis’state sis assumedyY*tte@depth of the 
lower Laminar zone Y can be determined from the 
hydraulic continuity equation. Although the fluid 
media is continually passing Fron the bower? laminar 
zone to the turbulent zone by virtue of entrainment, it 
is reasonable to assume that the same entrainment 
process causes an equal and opposite transfer back to 
the lower zone. On this basis, the depth of the lower 
zone is represented by a manipulated form Orhahe 


continuity equation according to: 


[4.18] 1 Q 


oe 
lk: V 

The numerical term, constant foveal TetSests; sis the 
reciprocal of the width ofthe tanks *>The corresponding 
values of yy appear in the seventh column ef£sTabie 47203. 

It is noteworthy that the absolute magnitudes of 
the negative measurements i arevsigntiteantiyesmaller 
than the corresponding magnitudes of vy in the lower 
zone. The smaller magnitudes depict the Guaatitysot 
Fluidumedianextractedsfrom othe etréudt by thetefthuent 
sereseand@eherréturn, lines thts dntermittent extraction 
will require the use of spatially varied flow theory for 


Phe evaluation of Y. rather than continuous flow theory. 
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Although Important in the total forocess. Taceivity in the 
upper zone has secondary importance with respect to lower 
ada, terbulent zone activity. 

The Pei enth column vot lable 4 7.03. nrowrdes. 4 record 
Ota tie turbulent zone dapth ver The very nature of 
CUrbulence and entrainment causes great difficulty in 
formating *definitive botndgries fim a turbuient regime. 
Ac pes.t Le can only oe estimated by visually observing 
Gyewoatternsmin the™@ tank profile. “Thetvalues of “roe 
eighth column in Table 4.03, although mere approximations, 
aré.ectabdLishking a clear trend. The magnitude of a LéGe a 
funmecion wor, the todel. Biiog 0 such that ase OVincreases 
Soi aigo-does ee The turbulént zone! exists) ini some 
degree for all) flows, even those which correspond to 
the Low early morning prototype flows. The model study 
established that a tends to never be smaller than 
Oe VOTE. C. As the model flow Q becomes very large, 
Y. approaches the maximum yalue of adepth 2. 

The model parameters of Table 4 O03 47s scaled” €o 
prototype proportions by Equations 4 .bL, @.14,) and 
15 2 Tabler&.04 provides a tabulation joie neces 
transformed model parameters. 

Even though unpredictable localized melocities an 
fhe Corbulent Zone are frequently smaller than those 
in the laminar zones,-turbulent yelocities do attaam high 


magnitudes for all components of X, Y, and Z. This 
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unpredictable nature is not conducive to efficient 
Sate bing of low density tloc particles. Consequently, 
this thesis will define the turbulent zone as an 

Peesd cable barrier which must be kept at a practical 
minimum in the sedimentation process. Table 4.03 
indicates na begins increasing for a model flow Q of 
Zw ae Ceo) che C(TestoNow Oey Tits flowecen be 
Pounded to 32.3.(10 *). cfs and will consti rure san 
imtlection, point, for Yo: Scaled to prototype propor- 
Eioens, the depth of the furbulent: zone uwiin ee 2.00 it 
eydere flow 0 will be 5.9 cfs dn, a isingie Celvieys (eins S 
is equivalent to a tank flow of 20, 5) chow. 9 ma od.) 
and to a secondary flow, with five sedimentation,tanks, 
emis? 5 «cfs .(79.4. mizd.),.. Propotype flows of this 
magnitude produce lower laminar zone depths yy or othe 


approximate order of AGRON Gags & 


The settling velocities, assembled in the latter 


pant of Chapter 3, can be used to determine longitudinal 


requirements for prototype settling... Velocst3es va and 
Me can be considered velocity vectors in the positive xX 
direction and negative Y direction, respectively. If 
the velocity vectors are related in direct proportion 
to the displacements, the required cell lieneeh in the 


Midirection can. be determined. This proportion is 


mathematically shown to be: 


x = 
Ss 


[4.19] es) 
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En this veqduarion, X represents the longitudinal 
displacement in the lower laminar Pome of the cell which 
the average particle requires to reach the floor. 
Although are settling distance is equal to the total 
depth of the laminar zone, the mean distance must be 
mead. 52. ius. Lo ekquatioues 194. Uo yy must be 
used rather than 1.0 Yi: 

Table 3.03 has defined-the average settling 
velocity V, as 2.19 (10 7) ft/sec and Table 4.04 
indicates the desirable lower laminar zone depth vy is 
5.00 ft. Also from the latter table the represent~— 
ative maximum velocity va in the lower zone can be 
approximated as 0.10 ft/sec. When these values are - 
substituted in Equation 4.19, X becomes LL4 ft. The 
pratotype cell is 169"0 fe lone of woolen Lo. Uett 2s 
rendered ineffective by the turbulent roller adjacent 
to the baffle. —This provides a net effective length 
of approximately 147 ft for the settling process. | 
Generally the prototype cells are adequate for inter- 


mediate hydraulic loads when the suspended solids 


have good settling characteristics. 
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MOCOndi ng: to-%e tdieeusssom by Schlich¢ine (10), 
Prandtl is known to have developed a dimensionless 
Slratiirication parameter identified as the’ gradient 
Richardson Number R CL FS" Rvenardsom used emery 
mennoas to Predict” stratification, patterns). Ths? os 


mathematically shown as: 


bon OR | 


The media AeReTey is defined by 90 and y denotes 
Enemdepth meaSured™ upward from the bottom of a 
Serartried®iavyer Gn@ a’ Cartesian” coordinate system. The 
differentials in the numerator and denominator signify 
densieyMand*=velotity gradients, respectively. 

Sehitencine (10) p°nhae cate of eucacrtoa: 700 

"When the density decreases upwards, the 

arrangement is stable, and it becomes unstable 

when the density vartarcion @£¢ reversed. 

Thus the regime is stable when Rs is greater than 
zero and unstable when R is less than zero. When a 
regime has a completely homogeneous media, the density 
gradient becomes zero and R. Pecones) cero. es inet ouis Study 
if °is reasonable to assume that the densiey, ama veLtocil ty 
gradfents are Linear functions. The assumption regarding 
the former parameter is merely a reLtCerdtion of 


Pieure 4 040° “Equation 5.01 can be rewritten in the 


following manner: 
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Numerical subscripts n and n+1 C tek me petaaer2) 
refer to parameters for different values.ofuy while. x, and 
ieeret bedd-\constanti such, that oe = ete 
It is noteworthy that when Equation 5.02 is 
simplified and placed under the square root gh Yates ele pee en 
becomes equivalent to the densimetric Froude number. The 
densimetric Froude number concept, often used by present 
day hydraulic researchers, will not be used in this 
treatise. The selection of the gradient Richardson number 
énables the full use of. both positive and negative 
numbers for eae eens tec etal describing regime conditions. 
Equation: 5.02; wild be a more useful form when it is 
algebraically simplified and the specific. gravity term S$ 
is substituted for the density term. The. gradient 


Richardson number equation will then assume the form: 


[5 03a] ~g(S2-S1) (y2-y1) 


aa S iV aaa Deh 
Any fluid media layer of high specific grawity will 
ae an equilibrium position below a media layer of low 
specific gravity whether in a static or dynamic state. 
Research by Ellison and Turner (11) has-shoswn, tie 


existence of turbulent entrainment in the boundary zone 


between fluids of different specific gravities. They 
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have further concluded that “the amount of turbulent 
enucraanment, EE, ads a funectilonvof the graditeat 
Richardson number of the form: 

[5.04] E = E(R,) 

By means of extensive hydraulic testing, Ellison 
and Turner) (1) reais shown that equation 5.04, when 
graphically ihlustrated, assumes a general exponential 
form. The graphical iflustration! has’ been reprinted for 
this: study and appears in Figure 5.01. When a homogen- 
eous specific gravity condition exists, R, is zero and 
Figure 5.01 indicates that E becomes 0.074. When R 
assumes the critical value of 0.83, then entrainment 
ceases to exist and E becomes zero. Thus for a stable 
regime with small, positive values of Ro» entrainment 
between two stratified fluid layers will occur in 
varying degrees. When an unstable regime occurs with 
negative values of Ro» Guitrormity 2s Overcome by “tlre 
erratic vertical movement of fluid particles seeking a 
stable position of equilibrium. 

Regime stability in the prototype eell will be 
examined over the full depth. in thas examination 
parameters of a general order of magnitude will be 
considered, since all parameters cover an average 
range and are not precise numbers. Representative 
depths and velocities wWillJbe selected tor the Lower 


and upper zones which are not subjected to irregularities 
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Figure 2. Entrainment, Z, as a function of Richardson number, Ri, for three experiments 
on surface jets. The value of £(0) has been taken from published results on neutral jets, and 
Ri, obtained from a more extensive series of measurements of the depth of the final layer. 


FIG. 5.0| ENTRAINMENT (£) AS A FUNCTION OF THE GRADIENT 
RICHARDSON NUMBER (R,) FROM ELLISON AND 


TURNER (Il) 
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the conditions occurring at elevations equal to 20% and 
SOR of the seen depth” Y°will? be considered!’ - From 
prototype measurements, the normal depth is* constant 
aeeCn2e2 0 ft, thu's| elevatadons® fore ¥, “and. Y40will) bes 2.4 £t 
ands 94 GL. fta* respectively. 

The values of Y,; and Y2 can be substituted into 
Pauectcion Giil7v and? the specific gravities can be estimated. 
Thee epecific! gravity valwes fer’ sy and S$» will be 1.00186 
Amara OOL2s, respectively “Velocities=at° Ta and Y2 are 
estimated to be equal to the maximum velocities eT and sin 
in the laminar zones. A brief review of Table 4.04 
indicates the general order of magnitude for Vi De aS 
wat be 40.10 ft/sec and -O-07 ft/sec, respectively. 
Using the convention of Equation ».04., numerical terms 


are summarized as: 


S; = 1.00186 So. = 1.001236 
Vi = +0.10 ft/sec Vo = =0,07 Sit /sec 
Vian =e 2G Va igi Cane 


When these values are substituted in Equation 5.03, the 
gradient Richardson numbervis found. tobpest4..05-5 Glheariy, 
the calculated value of R. far exceeds the previously 
Aebined critical value aud entrainment due to specific 
gravity differentials does not exist. The regime is 


definitely in a stable condition. 
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TO CeLterate, calculations with Raqwatdon.).-03) have 
been made with general order of magnitude numbers. The 
result is a very conservative positive gradient Richardson 
number. More generally, the nature of the secondary 
Doccess vill provide specific gravity dtiferentiais which 
virtually never peed (22%) Under uo conmuam.on can Ene 
@eoth ditferential exceed 12.0 ft. “The jontly remaining 
Variable is the. .velocity differential whieh? is a 
function of hydraulic flow. Although this latter 
differential will have a wide variation range, it is 
hardly likely that a magnitude will ever be encountered 


Wate Will cause R. to be less than the critical value. 
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CONCLUSIONS 

inttinsdcetosthisetreatise is the assumption that 
the suspended floc particles have ideal settling 
characteristics in the secondary sedimentation process. 
No attempt has been made to analyse the many complex 
variables which influence those ideal settling 
Characteristics, clearly a broad area of research alone. 
Often the secondary facilities generate a suspended floc 
whichtas@far ffomseideatunethisyleadsdtoneiudzerbulking 
or eecbed gasibinding: and consequéentlyca SotakPupset 
of the sedimentation process. These two occurrences 
destroy normal specific gravity characteristics and the 
concept of density currents and entrainment Stability 
in thisework.is°invalidateds 

For the less than ideal» conditions, this writer has 
visually observed the surface emergence Cf -tdoe 
particles usually in the vyicinityno!t thettarstrand 
second weir. The media assumes a brown colored gelat- 
inous scum:and inordinate quantities:of floc particles 
are carriedeovéritherweirs. oWhensideal FISecHoecurss 
the media has a slightly gray turbid color, the scum is 
grey, and» few floc: particles’ pass over the weir. During 
prolonged periods of low and intermediate flows ideal 
floc conditionsedo! ins fact»exist. Asmthescitzygcoliection 
system is expanded each year, prolonged heavy flows are 


more frequently encountered. Consequently the design 
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capacity of the sedimentation process is exceeded and 

the performance is upset. 

Let it be assumed that abnormally heavy hydraulic 
loads sao “not Poceurn "and “Ghat si boc Ssetrline characteristics 
are optimal: The conclusions of “this study*can be 
assembled in the following manner: 

Ci) . Ee Fehe“nodel “stidy a8hich"desree of velocity "scour 
was observed (on “fie *fifoor in the viciurty "of the 
baffle. This is caused by the downward movement 
of hydraulic momentum and a sudden change of 
direction. The scouring condition is compounded 
by the turbulent roller generated at the juncture 
of lower positive current and the upper negative 
current. The condition persists over a wide range 
of hydraulic flows and generally expires when the 
distance from the model entrance X is equal to or 
greater than 0.90 ft. Evidence of "tie furburert 
roller during high flow periods has been observed 
when the approximate distance from the prototype 
eitrance XN “Us equal’ to or “Less “than Porno sre. “rive 
adverse scouring velocity can be minimized by 
increasing the baffle efflux sav in *b ott “tive mo de'l 
and prototype. It is recommended that the proto- 
type baffles be shortened in a manner that they 
extend 3.0 ft below the normal water Surface.” This 


modification will maximize the opening BG and will 
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protect the scum collection troughs against undue 
surface current interference. 

The fluorometric examination has provided evidence 
that a“ positive current in a lower zone transports 
dyevparticles*alougsthe Floor einon*+ Baer baralerto 


He northerly “wali: The same particles are 


carried to the effluent weirs by means of a negative 


eurréent in’ the upper ezome. This*coneepecis 
supported by the large detention time valve T 
which fluorescent dye particles require for 
travelling between the injection point and the 


first weir. The magnitude of T, is gauged against 


fa 
a similar time derived from the velocity in the 
lower laminar zone in the model acwaye When 
density currents are carefully manipulated, this 
same upper-~lower current SouE SS eC be observed 

in the’ model Study. These currents resQ@icvinta 
vertical turbulent roller adjacent to ehdinortherdy 
wall. “It is recommended that if an additional 
effluent weir is installed in the prototype, the 
upturn roller should be avoided by locating the 
WadPe noti gees” than’ 200 0@reeteon the northerly wall. 
The model study has indicated the presence of an 
er ebe tet edt pecker zone which is generated by 


shear stress between the positive lower current and 


the negative upper eur remrcts The unpredictable 
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Ganda le mith Z One: irovides? tbo th? hieh aid. Low 

mag isictiuckeisy tof. v etlior Dry. Gini “small eae Ra regions 
Deo re laa chwedr aati co fLotadts Olin anv efratctent 
sedimentation process it is desirable to keep 
turbulent: zones tol an absolute minimum, Ln tne 
model study the turbulent zone depth hes tends to 
recainr’ constant! ac 0:..100 Bestors low ‘and*anter= 
mediate flows. As the model flow approaches and 
exceeds 3.5 (HOz 28 cfs’ thet depth of* the= turbulent 
gonesbegins inereasing from’ the> constant’ value 
anti the entire depth asecon'sumed S°*iranstiormed 
foupeototype Proportdone, this erizicat=point 
floweis approximately%S.9@cist* "When the suspended 
foe Has Adeal- settling characgieriertes. it is 
recommended that “the nydraubiceLoad tomany proto; 
type cell in the secondary system not exceed 

59° cis \(3.2> migd.)> This loading fs equivalent 

to 29.5 cfs (15.9 mied-) for ajsingie sedimencation 
tank composed of five cells and 147.5 efs (79.4 migd.) 
for the entire secondary facility composed of Five 
sedimentation tanks. In a single prototype tank 
there exists 672 £t of ‘efiective veri tucent weir. gbad 
the tank flow of 29-5 ets 4s cousidered™ the 
effective weir loading is 28423 U.S. epg fit’. 
Although large this loading isi tomsistent with the 


range 20,000 to 30,000 U.S. gpd/ft prescribed by 
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Metcalf and Eddy (7). Due to frequently poor floc 
characteristics the weir loading should perhaps be 
{Re tCHet Mow ek* end’ © ftrphel panges at 2020000Ue See iepdy/itce 
This would result in a maximum prototype tank flow 
Ore 2 Oet8s teres (11.2 miseidi. \ptande tat secondary Baio Ltrs 
ehione off 0h .c0! cfs 165 610) mieds.)é. 

When prototype flows are maintained withim the range 


established by plant operating procedures, tre Met 1S 


conservative regime stability with respect to 


entrainment generated by specific gra wistee oduct Den= 


Sictita Bove unThite iieitc dif immed by( thesgradient Richardson 


nunbera” iThe “exceptiom ‘clearly ds: a system upset 


by less than ideal flo@ dcomdibulons 


There is evidence that the first Weir ts situated 
Pool mear the influent baftte tor en etticient process 
heme floc settling ~Ls poor, =~ tuts characteriatic Is 
particularly noticeable when waves of suspended solids 
emerge at the surface of the prototype in the region 
between the baffle and the first weir during peak flow 
periods. On occasion small values of T appeared in 
the fluorometric test when samples were collected at 
Phe first weir. “It does apperr that the efficiency of 
the process would be improved if the first weir were 
pea ed from service and replaced with a new weir 
within the previously recommended limits of the 


northerly wall. The first weir should be completely 
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effective if excessive hydraulic loads are minimized and 
Poot t lOc, Characteristics. are maintained. 

Important in this treatise is a statement regarding 
fuppner study in, bheatresatment process .4 Bramarily., -an 
in-depth. examination of all process mechanisms in the 
secondary ee eae coudd..and should bevbinked with this 
paper. Flow patterns, air consumption requirements, and 
tates of return diquer flow should be examined for an 
optimal combination with hydraulic loading. 

It would be desirable to examine the reasons for 
excessive accumulations of scum and foam in the 
secondary sedimentation process. These conditions 
appear to be developing from prolonged heavy hydraulic 
loads and changes in the general composition CPAEhe 
media. Due to cant recycling, the scum condition 
appears to be transferred to the “primary and edieestion 


processes. 
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